Abstract: New implants for vascular therapy like ow diverters are made of tiny braided wires. The radio opacity of these wires is poor, which makes assessment of implant expansion and exact positioning di cult. Additional markers only allow the estimation of the current device position, but they also induce artefacts that impair the assessment during the intervention and in follow-up examination. A new strategy to increase implant visibility is the braiding of composite wires with a radiopaque core along the whole implant. This paper shows some useful combinations of these new wires on a phantom study with ve vascular implants.
Introduction
Radiographic visibility of vascular implants is a major requirement beside the mechanical performance [1] . New implants like ow diverters (FD) are made of braided small NITINOL wires [2] . Due to the thin material, the radio opacity of these devices is poor [3] . To enhance visibility, radiopaque markers made of gold, platinum, or tantalum are integrated in current implants [4] . A new approach is the use of wires produced by "Drawn Filled Tubing" (DFT) (Fort Wayne Metals, Fort Wayne, USA). We investigated the change in visibility of di erent variants of implants made of DFT wires compared to a state of the art FD in a phantom study. 
Methods
A proper phantom for the visibility studies was created based on experience und preliminary work of our group [5] [6] [7] [8] [9] . A model of a human skull was lled with gelatine containing a small amount of contrast agent (CA) (Imeron 350, Bracco imaging, Konstanz, Germany) to imitate bone structures and soft tissue. A shrinking tube in a bended shape was placed in the gelatine as a model of the internal carotid artery. For the evaluation, ve variants of FD where produced (Acandis GmbH & Co KG, Pforzheim, Germany). Four of the FD were partially or completely made of DFT wires. For fabrication of DFT wires a core of one metal, e.g. platinum, is placed in a tube of another metal, e.g. NITINOL. After thinning by pultrusion the material combination is xed together [10] . The following variants of implants were used for visibility testing: 1. FD state of the art (SoA) made out of 40 NITINOL wires, two platinum wires and end markers 2. FD DFT 50 (50% of the wires (24pc) DFT: NITINOL wire with platinum core 70%/30%) and end markers 3. FD DFT 100 (100% of the wires (48pc) DFT: NITINOL wire with platinum core 70%/30%) and end markers 4. FD DFT 50 10 (50% of the wires (24pc) DFT: NITINOL wire with platinum core 90%/10%), no markers 5. FD DFT 100 10 (100% of the wires (48pc) DFT: NITINOL wire with platinum core 90%/10%), no markers
The implants where successively placed in the shrinking tube of the phantom under image guidance. To simulate a venous contrast injection the tube was lled with water rst and ushed with a water CA mix (7%) afterwards. The phantom including the device was imaged with two di erent angiographic c-arm systems (Artis zeego, Artis Q, both SIEMENS Healthcare, Forchheim, Germany) under 2D uoroscopic mode, 2D radiography, standard 3D cone beam CT and 3D cone beam CT micro (only Artis Q). The imaging setup is shown in Figure 1 .
The 3D cone beam CT micro is a scan mode with a small volume of interest but a high resolution due to a 1x1 binning of the detector [11] . The scan parameters of all image protocols are shown in Table 1 . The resulting images of both systems, all image protocols and of the di erent implants where prepared for comparison. For 2D images lateral views with the skull base and soft tissue overlaying the implant were acquired. For 3D imaging a slice in the center line view of the implant was chosen. These images where compared with respect to their visibility in 2D and 3D images (Figure 2, 3, 4) . 
Results
Comparing both imaging systems, a marked increase in spatial resolution can be stated with the new Artis Q, es- pecially in the 3D micro mode. Regarding the visualisation of the FD, the marker of the SoA FD are proper visible in 2D imaging, whereas an impression of the 3D location is hard to get. In 3D imaging the platinum wires cause artefacts, which limit the assessment of the wall apposition or complete opening. DFT wires generally leads to a nearly homogenous appearance of the device. The DFT 50, DFT 100 and DFT 100 10 are well depicted with uoroscopy and radiography, but the visibility of the DFT 50 10 is very poor in 2D. Reasons for this are the lack of markers and the low amount of platinum inside the wires. With 3D imaging, all variants showed good results. The DFT 100 causes minor artefacts, but these don't have an impact on the estimation of the wall apposition. The contrast ratio (C) was calculated between the implant corpus (I) and bone structure (B) or soft tissue (S) and between implant marker (M) and bone structure or soft tissue.
C = (HC − LC)/(HC + LC)
C: Contrast ratio HC: High contrast structure LC: Low contrast structure
The numerical evaluation is shown in Table 2 for all implants and both imaging systems.
Conclusion
For an increase of visibility of thin wire implants a new strategy is the use of DFT wires. The experiments showed a good correlation between percentage of DFT and visibility. Important for a su cient representation in 2D and 3D imaging is the percentage of platinum. Larger amounts of platinum increase the visibility in 2D imaging, but artefacts in 3D imaging are more pronounced. In this regard, a good compromise was shown for both FD designs DFT 50 and DFT 100 10. Moreover, in uence of wire composition on mechanical performance should also be considered for nal implant design.
